rmed  Services  Technical  Information  Agency 

Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


lOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
IRE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
JOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
10  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
rOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
AID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
MPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
>ERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
JSE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO  

E 


Best 

Available 

Copy 


General  Mills,  Inc. 

Mechanical  Division 


ENGINEERING  RESEARCH  & DEVELOPMENT 

DEPARTMENT 

2003  EAST  HENNEPIN  AVENUE 
MINNEAPOLIS  13,  MINN. 


MM  MD 


Gl£'»)UmL  FILLS,  xlTC. 

Kschaaictd  Livisicxi 

Enginesraxij^S  Resssi-ch  f:  Levclo'OJien'S  Department 
KlKneepolis? , ,. 


m:&\  oij 

mu  USE  CF  CmS'HMT  LEVL’L  EuLCXCOHS 
?0  ?ei\iinES  O’lIE  LXMmMVM.  MOTmi 
Ti  ’jm  /vT5<IC3l®rHE 

/■ 


Report  Sc.  l.lo)-: 

5 Jamizzj  1953  Proparea  t.y:  C.  B.  Hoore 

J.  R.  Smith 
A.  Gacsl&iJ,\'l: 


Aclmo^7le5geBeat;  The  work  deccribeu  herein  was  carried  o«t,  in  p.art,  under 
Coui-ract  L6onr'*25209  >rlth  the  Office  of  Faval  Research* 


DATA  OH  THE  USE  Cf  COH8XAHT  LE7EL  BAILOOHS 


TO  MBASOfS  THE  HQEUZOmL  MCTICH  XS  THE  A3MOBPUEHE. 


SOliiARY 

In  the  course  of  Havy-sponsored  investigations  of  cosmic  rays  and 
other  atmospheric  phentmena,  the  authors  at  General  Mills,  Inc.  have 
Bade  many  coDstcmt  level  balloon  flis^ts  on  the  standard  meteorological 
surface  of  300  nb  (nominally  30,000  feet).  The  tracks  of  these  flints  are 
of  general  meteorological  interest,  as  they  are  believed  to  delineate  the 
actual  trajectory  of  an  equivalent  mass  of  air  travelling  on  a constant 
pressure  surface.  Some  of  the  original  fli(^t  data  are  presented  for  the 
information  of  other  investigators  of  air  motions,  to  Illustrate  the  appli- 
cation of  constant  level  balloons  to  meteorological  problmas,  particularly 
ataaospherlc  diffusion  and  the  varisbilllyof  the  trlnd.  Suggestions  are  made 
of  the  significance  of  the  data  presented,  and  further  experiments  are 
proposed  which  night  result  in  a better  understanding  of  the  mechanisms  of 
air  notion.  Possible  applications  of  constant  level  balloons  in  routine 
observations  to  obtain  representative  measurements  of  wind  velocity  are 
set  forth. 

IHTBQDPCiTICg 


The  determi’joation  of  air  trajectories  is  an  essential  quantity  needed  in 
modem  meteorology.  Ho  forecaster  can  expect  great  success  without  a 
knowledge  of  the  area  of  origin  of  temorrow's  weather,  as  the  weather 
of  toiBorzow  is  in  a large  part  determined  by  the  atmospheric  conditions 
of  today,  at  points  uptrlnd.  Presently,  meteorologists  attempt  to  deter- 
mine air  flow  by  tbe  application  of  bydrodynsraics  to  upper  air  data  ob- 
served slSEultaaeously  over  a large  region.  Using  the  instantaneous  ob- 
servations of  wind  and  pressure  fields,  efforts  are  made  to  determine  the 
air  flow  by  the  integration  of  all  these  data  with  time.  However,  tbe 
Integrated  trajectories  thus  obtained  do  not  provide  a satisfactory 
picture  of  the  motion  of  the  air. 

The  fundamental  reasons  for  this  appear  to  be  the  non-represeni^ativeness  of 
the  present  upper  air  observations  and  the  difficulty  of  obtaining  a suffi- 
ciently accurate  model  of  the  atmosphere  which  is  simple  enou£^  to  be 
worked  with. 

The  wind  oibservations  determined  by  use  of  ascending  sounding  balloons 
in  tbe  weather  services  eqppear  to  be  not  sufficiently  representative  of 
the  true  air  motion  at  any  one  level  for  at  least  three  reasons: 

1.  Eddy  motions,  superimposad  on  the  field  of  translation,  introducing 
dispersions  and  variability  into  the  inatantaneous  observatlaos.  This 
effect  when  coupled  with  the  short  sapling  time  of  rswln  observations, 
results  in  wind  measurement  distributed  ebout  the  representative  air 
translation  value. 

2.  Inherent  limits  of  accuracy  of  the  older  wind  measuring  systems,  such 

M plbals  and  ravins,  obtained  from  the  SCR658.  However,  a study  by 
Riot  ( ) shows  that  the  winds  measured  by  newer  military  systems  have 

a greater  precision  tha  is  afforded  by  the  ^dnd  variability  over  time 
and  space. 
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Von-STnopticlt^  of  vtnds.  Tbla  erlsos  froa  operational  eonsldera> 
tloQS  vhereby  the  tfisd  ObaarTations  nay  depart  froa  alaultaaelty 
at  various  stations  by  an  hour  or  nore  (Oabrlel  & Belucci). 


3. 


The  eoBiblned  effect  of  the  lialtlxig  factors  Hated  has  caused  one  observer 
to  conclude  that  a vixid  report  of  30  knots  from  270**  mist  be  considered  as 
possibly  indicating  a true  wind  sooevhere  between  21  and  kO  knots  bloving 
froB  between  2^  to  300*  (Maebta).  With  such  lack  of  precision,  neteor- 
ologlsts  frequently  disregard  the  reported  wind  when  analyzing  upper  level 
charts  and  coogputing  trajectories. 


Lacking  trustworthiness  and  direct  wind  observations,  the  "geostrophlc" 
wind  derived  from  pressure  observations  is  widely  used  in  dynsnic  meteor* 
ology.  This  "wind**  in  its  simple  form  Is  derived  from  the  horizontal 
pressure  gradient  by  loeans  of  the  following  relation  ond  assuBptlon: 


Geostrophlc  velocity 


pressure  gradient 
air  density  z cor lolls  force 


The  coriolia  force  ie  a function  of  the  earth's 
rotation  (uj) 


and  the  latitude  ( 0 ) of  the  air  parcel. 


hence  V geostrophlc  e 
The  sssxmptions  used  in  this  relation  are; 


±J1 

3 h 


i- 


2<»81n  0) 


a.  The  vertical  velocity  of  the  air  parcel  is  negligible. 

b.  Vo  frictional  stresses  exist. 

c.  The  isobars  are  straight,  parallel  and  the  wind  blows  parallel  to  them  at 
constant  velocity,  i.e.  the  accelerations  are  zero. 

Obviously  these  assur)Q)tlon8  cannot  be  met  in  operational  meteorology.  There* 
fore,  a wind  so  estimated  will  be  defective  according  to  the  deviations 
frcmi  the  aijsumption. 


In  addition,  in  the  ocasurezaent  of  the  pressure  gradient  itself  lies 
possible  sources  of  error  due  to  the  necessarily  inexpensive  construction 
of  the  radiosonde  instruments  os  well  as  the  systematic  and  operational  errors 
in  measuring  atmospheric  pressure  end  temperature.  The  errors  permitted  in  a 
radiosonde  measurement  of  pressure  may  exceed  4 nd>.  These  errors  in  pressure 
measurements  on  the  300  mb  surface  at  two  different  stations  may  cause  a 
wind  error  of  8 ed>  at  300  mb  6OO  feet  2 sta  3OO  miles  ^;>art  cross  Isobar 
with  Ah  for  300  mb  level  > 6OO  ft.  Geo  wind  • 75  iaaots  ^h  ■ 0:^  geo  vlnd  * 

0 . * .1000  wind  error. 


In  view  of  this,  it  appears  that  a trajectory  which  is  obtained  by  a 
forecaster  using  zion-representative  data  ssnothed  subjectively  and 
Integrated,  using  tton*valid  assumptions  be  ea^peeted  to  define  the 

air  flow  accurately. 
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Seeded;  therefore,  is  sane  way  of  naturally  Integrating  these  traiuilent 
effects  Into  a siller  overall  picture  of  ataospherle  notion.  Trajectories 
obtained  fron  coztstsnt  level  balloons  have  been  suggested  as  one  fundsi* 
nsntal  approach. 

SIDDISS  Wm  COggEMT  IJEVEL  BALLOOBS 


In  an  effort  to  study  geostrophlc  departures.  Durst  nade  use  of  "constant 
level"  rubber  balloons  in  19^3  and  1944.  The  enperlaents  vere  of  great 
Interest  despite  the  fact  that  the  balloons  did  not  reiaain  aloft  very 
long  and  vere  not  veil  stabilized  on  a constant  pressure  level  (varia- 
tions of  25  nb  over  one-half  hour  Intervals  are  reported). 

More  recently,  the  disveloje^t  of  Instruaented  constant  level  plastic 
balloons  has  been  reported  by  Spllhaus  ( ).  Significant  trajectory 

data  have  no^bsen  obtained  from  these  balloons  both  by  Hev  York  Uni- 
versity and  General  !41Us  investigations.  Three  sets  of  eocperiaentB 
involving  air  trajectories  are  described  here. 

In  the  first  of  these,  actual  balloon  trajectories  are  coapared  vlth  tbe 
"Mndcast"  trajectories  conputed  fron  conventional  upper  air  data.  In 
the  second  and  third  studies,  the  separation  of  multiple  constant  level 
flights  made  slatultcneously  and  sequentially  is  described  to  suggest  the 
order  of  magnitude  of  eddy  motion  encountered  by  the  balloons  in  fll£d>t. 

TRAJECTORISa  COMPARED  WH'H  F(fflECAST3 

A large  number  of  constant  level  balloon  flights  vere  nade  by  the  authors 
dxirlng  the  summer  of  1951.  The  balloons  vere  normally  spheres,  25  feet 
in  diameter.  Instrumented  to  float  on  tbe  300  mb  pressure  surface.  Launch- 
ings vere  made  from  Hill  Air  Force  Base,  Ogden,  Utah,  and  balloons  vere 
tracked  by  aircraft  over  constant  level  trajectories  averaging  about  1000 
miles.  Attempts  vere  made  to  forecast  the  liqpact  point  of  the  balloons  at 
the  end  of  their  flight.  The  forecasts  of  trajectories  and  Impacts  vere 
made  before  the  balloons  vere  lauziched  to  Insure  coaiplete  honesty  In  the 
predictions.  Such  flights  vere  carried  out  repeatedly  using  multiple  fore- 
casters and  stsxtdardlzed  procedures  to  minimize  eubjectlvl'ty.  Although  it 
vae  found  that  oetter  forecasts  could  be  made  under  certain  selected  veather 
situations  and  that  some  proficiency  Improved  the  forecasts,  the  accuracy 
vhlch  could  be  obtained  under  the  best  conditions  vas  limited.  Average 
errors  in  the  prediction  of  the  Impact  point  of  about  23^  of  the  total 
range  vere  ejcperienced  under  all  veather  situations  for  vhieh  balloons  vere 
flovn.  Under  conditions  selected  by  the  forecaster  as  optlansa,  this  error 
could  not  be  reduced  belov  18](  of  tbe  distance  travelled. 

It  vas  recognized  that  operational  degradation  vould  reduce  tbe  effective- 
ness of  the  forecasts  vhenever  the  tUw  of  launching,  rate  of  rise, 
floating  altitude  or  flight  duration  vere  different  fron  those  assumed 
hy  the  forecaster.  In  addition,  err«rs  in  the  basic  forecast  of  the 
porassure  and  vlnd  fields  to  be  encountered  daring  flight  vould  affect 
the  accuracy  of  the  trajectory  forecast.  A third  cause  for  failure  to 
make  a good  trajectory  forecast  vould  be  the  possible  falseness  of  the 
assumption  that  the  horlzoatal  motion  of  the  balloon  is  controlled  by  tbe 
air  vith  vhieh  it  is  surrounded. 
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In  an  ntteapt  to  eeparste  tboaa  variables,  a study  vas  aade  of  20 
fU^s  selected  for  good  mechanical  behavior,  l.e.  adhex*ence  to  the 
300  mb  level  and  extension  of  an  average  leng^  of  1000  miles.  An 
Independent  forecaster.  Dr.  Eooer  Mantis  of  the  universl'^  of  Minnesota, 
eongpajred  the  trajectories  of  these  flights,  using  "hlndeaat"  trajectories 
made  from  the  ln>fll^t  dads  and  pressure  fields  as  reported  by  the  U.  8. 
Weather  Bureau  stations  during  the  fU^  period.  Consideration  mas 
given  to  the  exact  launching  time,  ascent  vector,  floating  altitude,  and 
fU^xt  duration.  For  these  20  flints  of  an  average  1000  miles  lenc^, 
the  average  error  In  the  end  point  was  20^  of  the  total  fll^^t  length. 

This  surprisingly  large  "hlndcast"  error  ssmunts  to  ebout  8^  of  the 
original  forecast  error  and  strongly  suggests  that  either  (l)  the  balloon 
held  on  a constant  pressure  surface  does  not  move  with  the  horizontal 
Vlad  at  that  surface,  or  (2)  the  field  of  notion  as  It  Is  presently 
described  is  far  more  Inadequate  than  previously  believed. 

EFFECTS  (F  gPlff  DIFFP8IQS 

If  the  ballXMms  do  not  move  vith  the  vind  at  their  level,  is  it  because 
no  representative  vind  exists?  It  has  been  postulated  titot  air  motion  Is 
such  a complex  of  eddies  that  conceivably  a large  noaiber  of  trajectorlea 
might  be  Obtained  In  a single  given  situation.  To  test  -Uiis  assumption, 
slmulteneoua  multiple  constant  level  balloon  fllgbta  mere  made.  They 
have  been  studied  by  Mantis  and  Oaalevylc  and  tbe  pertinent  conclusions 
are  quoted  belov. 

"The  effects  of  eddy  motion  aqipear  In  the  equations  of  motion  as  eddy 
stresses,  and  therefore  depend  on  the  definition  of  the  average  large 
scale  flow.  Ibi  a sense,  conventional  synoptic  analysis  repreeaats  a 
large  scale  flow  which  is  averaged  over  the  space  between  the  reporting 
stations.  The  trajectory  of  a single  balloon,  therefore,  should  consist 
of  a component  due  to  the  large  scale  motion  and  a component  due  to  the 
eddy  notions.  A rvodom  distribution  of  eddy  notions  would  have  the  effect 
of  diverting  a single  balloon  from  the  large  scale  flow  or  causing  the 
dlMhslon  of  a cluster  of  balloons.  The  magnitude  of  this  affect  Is  not 
known;  estimates  vary  by  as  much  as  several  orders  of  magnitude.  In  past 
experiments  on  the  diffusion  of  balloon  clusters  or  other  tracers.  It 
appears  that  the  effect  of  eddy  motions  Is  frequently  obscured  by  the 
effect  of  the  vertical  shear  on  the  motion  of  tracing  eleamits  at  sUgbtly 
different  altitudes. 

"The  resxilts  of  a limited  mniber  of  slwulteaeoua  multiple  constant  level 
balloons  made  by  Qeneral  Mills  therefore  offer  unique  opportunities  for 
the  exmalnatlon  of  the  diffusion  effects.  On  three  occasions.  It  is 
possible  to  Isolate  the  effects  of  eddy  diffusion  by  multiple  flights  in 
which  a minisnm  difference  in  balloon  altitude  was  maintained  during  the 
flights.  In  the  flights  S57-5?8,  566-?67-?68,  and  56I-362,  the  main- 
ten^e  of  altitude  was  within  ♦ 130  ft.  (♦  2 otb)  of  tbe  deolred  control 
altitude  for  each  huUoon.  The  cniy  exception  occurred  on  fll^  ^66 
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vhleh  %ra8  off  by  3C0  feet  for  * abort  tine,  ^e  results  of  these 
filers  are  given  In  the  following  table: 


FUghts 

comipared 

Distance  of  flight 
under  cosqparlson 
Miles 

Duration  of  fit. 
under  cooparison 
Hrs. 

Distance 
balloons 
were  egiart 

m. 

Balloon 
separation 
as  ^ of 
distance 

...Jt.- 

Across-traek 

vazlatlon 

of 

trajectory 

557-558 

750 

14.5 

n 

1.3 

561-562 

1000 

18.0 

Ik 

1.8 

566-567 

1200 

20.2 

1 

.08 

1 

566-567 

1200 

20.2 

5 

.4 

1 

567-568 

1200 

20.2 

5 

.4 

^ J 

"The  consistence  of  these  results  seens  to  definitely  establioh  the  order 
of  nagnltude  of  the  effect  of  eddy  diffusion.  This  effect  is  certainly 
negligible  as  a factor  in  the  accuracy  of  trajectory  construction.” 

A few  other  tmltlple  flights  have  been  aade  where  the  balloons  have  been 
separated  In  tliae  or  altitude.  Flights  travelled  l6h0  oiles  in 

27*2  hours,  one  at  on  average  altitude  of  32,000,  the  other  at  29,500.  At 
the  teminatlon  of  the  flight,  the  balloons  were  l8  alles  c^art  with  a 
cross  track  separation  of  the  trajectories  of  only  7 ailes. 

Flights  576-577  were  launched  53.  nlnutes  eg>art.  Flight  576  floated  at 
an  average  altitude  of  30,500;  flight  577  floated  at  about  3I-OOO  ft.  At 
the  end  of  3I  hours,  the  balloons  had  travelled  about  1200  ailes  a-ul  ".ere 
miles  apart  with  a I7  mile  separation  between  their  trajectories 
(apparently  due  to  change  of  the  pressvure  field). 

Siailar  esperlaents  were  made  to  show  the  effect  of  separating  trajec- 
tories in  tljBS,  In  each  case,  a regular  progression  of  the  trajectories 
was  observed  and  a general  adherence  to  the  synoptic  track  as  reported  by 
standard  observations  was  noted,  althou^  the  balloon  trajectories  could 
not  be  predicted  persistently  nor  asde  to  confozs  rigorously  to  the 
eosqputed  In-fllght  trajectories. 

FroD  this  study,  one  nay  conclude  that  a representative  trajectory  of 
8000  sort  can  be  obtained  by  constant  level  balloons.  If  this  is  truly 
the  large-scale  air  notion  which  is  reiDresented,  the  Instantaneous  field 
of  motion  in  the  upj?er  air  is  being  silarepresented  by  with  present 
observation  techniques. 
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In  other  efforts  to  tj.*oce  air  parcels  it)iii;{pensirely,  small  constant 
▼oliae  balloons  :^re  Revised  at  General  ISlUs.  These  balloons,  because  of 
their  square  shape  arising  from  their  c<»38tructlou,  have  been  Icibelled 
'pillow  balloons Many  mass  fli£^ts  of  these  balloons  have  been  made  in 
vhich  50  or  more  balloons  were  launched  simultaneously.  It  appears  that 
these  balloons  do  not  maintain  a long  constant  level  flight,  except  under 
special  operating  conditions.  The  recoveries  of  these  balloons  show  that 
they  fall  out  along  a line  idilch  frequently  has  been  no  wider  than  ten  miles 
for  a mean  range  of  6(X)  miles.  The  data  on  these  flights  are  also  given  in 
the  attached  exhibits. 

Two  such  inexpensive,  uninst^'umsnted  balloons  lapunched  from  t41xmeapollo, 
have  been  returned  from  Ireland,  illustrating  the  tra;)ectory  treeing 
potential  possible  for  inexpensive  constant  volume  balloons. 


CCafCIPSIQg 

Twmi  the  controlled  altitude  flights,  ami  the  pillow  balloon  data  gilvcn 
in  the  exhibits,  it  that  a meaningful  and  representative  iaeasuT«:> 

Bent  of  horizontal  wiiid  velocities  mig^  be  made  using  a constant  level 
balloon  principle.  From  the  repeatability  of  the  wind  measurements  made 
from  trajectory  boUcons,  it  appears  that  the  small  scale  variability 
of  the  wind  may  give  non-representative  values  for  short  term  wind  ob- 
servations. use  of  a small,  inexpensive,  constant- level  balloon  on 
standard  surfaces  to  eomplmiaent  wind  measurements  by  sounding  balloons 
should  Integrate  out  the  variability  of  effects  aad  permit  better  delinea- 
tion of  the  flow  of  the  dr. 

Tb  use  these  constantlevei  balloons  meaningfully,  it  will  be  necessary  to 
detcnsiBiS  the  nlnimua  constant  level  flii]ht  duration  feasible  which  will 
smooth  out  the  effects  of  superisqposed  eddy  moti<m  and  to  permit  the 
direct  Observation  of  a wind  good  enough  for  determinations  of  atmospheric 
accelerations  as  well  as  the  representative  air  velocity.  This  problem 
has  been  considered  by  Burst,  Hachta  and  Mantis  and  some  definitive  experi- 
ments are  being  planned.  It  appears,  however,  that  30  minute  observations 
of  the  displacement  of  a constant  level  balloon  will  yield  a much  more 
representative  wind  measurement  than  the  present  two-minute,  sounding  bal- 
loon observations. 

Direct  observation  of  balloon  traJectori3'S  should  be  a valuable  forecast 
tool,  particularly  for  trc^ical  meteorology.  Qy  this  method,  fields  of 
divergence  or  convergence  might  be  directly  observed  and  studied  rather 
than  inferred  by  the  existing  weather  and  measurement  of  the  pressure 
gradients  in  those  latitudes. 

The  tracking  of  constant  level  balloons  to  obtain  air  trajectories  at  great 
ranges  from  otherwise  i^iaccessible  areas  may  be  another  use  and  extension  of 
this  technique  for  aetcorolcgicol  probless.  Such  a use  is  being  contmaplatcd 
by  the  Haval  Rossarch  Laboratory  in  the  transosonde  project  to  obtain  wind  end 
trajectory  data  from  over  the  Central  Pacific. 

Consideration  should  also  be  given  to  the  direct  observation  of  trajectories 
as  a routine  weather  observation  tool  coxpX^ontlng  existing  tschniques. 


DBFIBCTI7E  EiXHBRlMSlTS  WHICa  ARK 


1.  R«peated>  simultaxieoua  obaervatlons  of  the  variability  of  tbe  vlnd, 

■ade  by  launching  aiaall  aateorologleal  coaataat  level  balloons  at  Intervals, 
coooparlng  the  wind  attained  for  each  tvo  alimte  period  vlth  an  average 
frcn  a 30  alnute  dlaplacanent.  These  data  should  In  turn  be  eoopared  vlth: 

a.  synoptic  ravin  ooundlngs, 

b.  the  constant  level  wind  iseasured  by  slaller  units  located  across 
vlnd  at  distances  of  1,  10,  and  perhaps  100  nlles, 

c.  the  vlnd  Beasure<l  by  the  sane  stations  on  any  constant  level  balloons 
30  and  60  nlnutes  later. 

2.  Hatlonvlde  vlnd  observations  on  a stcmdard  surface  by  one  hour  flights 
of  snail  constant  level  balloons  from  the  0.  S.  Weather  Bureau  ravin  8ta> 
tlons  synoptic  vlth  the  standard  ravin  soundings. 

3.  Establlslnient  of  a tracking  net  for  larger  constant  level  balloons  In 
the  tr<9lca  and  ths  aalclng  of  simultaneous  flints  to  observe  directly  the 
atatospberlc  convergence  end  divergence  particularly  around  hurricane  tlxte. 
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Tour  tw«ity-fiv«  foot  dlaaetor  balloon*  being  Inflated  for  a elnMltaneou*  lannchlng. 
Tbeae  balloons  carrying  a 160  pound  payload,  vlll  float  on  the  300  millibar  surface 
where  they  will  be  used  to  study  atmospheric  divergence. 
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